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SUMMARY

1.

Ei?fIclency”testshavebeen conductedon a single-stageIqpulse
turbinehavinga 13.2-inchpitch-linediameterwheeland a cast
nozzlediaphragmover a range of turbinespeedsfrom 3000 to
17,000rpm, pressureratiosfmm 1.5 to 5.0, Inlettotaltemperatures
from 12000to 2000°R, and inlettotalpressuresfrcm 18 to 59 Inches
of mercuryabsolute. The effectof inlettemperatureand pressure
on turbineefficiencyfor constantpressureratioand bkde-to-~et
speedratio is correlatedagainsta factorderivedfrom the equation
for Reynoldsnuniber.The degreeof correlationindicatesthat tho
changeIn turbineefficiencywith inlettemperatureand pressurefor
constantpresmm ratioand blade-to-jetspeedratio is principally
a Reynoldsnumbereffect.

IH!IRCKXJCTION
.

An analyEIlswas prese~tedin reference1 showingthat the
Re~lds numberof the flow througha turbinemy be representedas
a functionof the ratioof the nozzle-boxInlettotalpressureto
the 1.1 powerof the inlettotaltemperature,the pressureratio
acrossthe turbfne,and the blade-to-~etspeedratio, Becausethe
turbineefficiency3s generallypre6entedas a funottonof blade-to-
Jet speed ratioad the pressureratio,the onlynew variableintm?-
ducedby considerationof theReynoldsnumberis the ratio of the
nozzle-boxInlettotalpressureto tie 1.1 power of the Inlettotal
lxmperature.Thisratio,or Reynoldsnumberfactor,was used in
reference1 to correlalie-the e-ff”ectof inlettotaltemperatureand
pressureon the efficiencyof an exhaust-gasturbinehavingan -
11.O-lpchpitch-linediameterwheel. lh orderto furthersubstantiate
this correlatlou,efficiencytests,the resultsof which are presented
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2 NACAARR No. E5Hlo

in thisreport,were mde at the Clevelandkb”mtory of the W from
Januaryto A@l 1945 on a single-stageimpuleeturbinehavinga
13.2-inchpitch-linediameterwheel, klse testsrevereda range
of’ImYblrmBpeedsfrom”3000to 17,000rpm, pressureratiosfrom
1.5 to 5.0, inletto4&ltemperaturesfrom 1200° to 2000°R, amd
inlettotalpressuresfrom 18 to 59 inchesof mercuryabsolute.

. .
APPARATUSANDKEmao

The turbinetestedwas a single-stageimpulsotypewith a
symmetxlcalnozzlebox havinga si@e radialinlet# The cai3t
diaphra~ had 44 airfoil-shapedbladeswith a nozzle-e of 24°
W an ar~e betwom the turbirieaxis and the centerllne of tho
nozZ1O flaw passageof 16°. The nozzlemea was 19.8 equareinohos.
The wheelhad 144 bucketswith a 13.2-inchpitch-linediameter,a

29
bucketheightof l= inches,and a width of 0.6 inch. The buckets
wore weldedto the wheeldisk. Bucket-to-nozzleclmrar.cowas set
at 0.12 to 0.13 irih. A high-speededdy-currmtdyrmmmeter wus
usoilto absorbturbinepower. A photographof the ‘~st setupshoticg
tho turbinemountingand the dymmme ter is shownIn figure1.

l’urbinespoodwus mcasurodwith ~ chronomolric.tachmutor. The
rest of tho instmmmntatianand the hot-gasproduceram describedin
roforonca1.

The methodsuggestedby the A.S.M.E. for estimatingthe accu-
racy of measurementof air flow utilizing theirorificedata gives
a probableerrorof +1.17 porcmt. !l!urhinsshafttorquewas measumd
to the nearest0.23foot-pound. Turbinespeedwas accurateto
*1O rpn. All pressurereadingswere takento 0.05 inch of mercury.

At each of threetest conditionsthe speedwas variedfrom 3000
to 17)000rpm. The followingtableshowsthe approximatetmt con-
ditions:
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Pr.ermreratio . met tatal
pi/pal pressilre

,-..---,,,-.--.-, . .
(in.~T~bsolute)

1.5, 2.0,3.0; 4.0, 5.0 26.5
,.

1.5,2.0,3.0 - 18.3
26.!S

S4.6
42.8

1.5,2.0 59.1

The resultswere oaloulatedas in references

Sm41Km

aoceleratlondue to grav~ty,32.2
constant,32.2 (lb)/(slug)

Inlettotal
temperature

.T1 t

(%) .

1200
1400
1600

1800
1800
2000 “

1800
1200
1800

1200

1, 2, and 3.

3

(ft)/(eec)2, or dimensional.

mass flow of afr plusfuel, (slugs)/(see)

tuxblusspeed,(rPm)

staticpressureof”turblnedlsolmugeat plenumohember,
(In.~ absolute)

totalpreseuree.tnozzle-boxinlet,(tn,Hg absolute)

gas oonstantfor combustionproduote,‘(ft-lb)/[lb)(%)

totaltemperatureat nozzle-boxInlet,(%)

bladepltoh-llneepeed,.(fpe)

theorotloal~et speed,(fps)

weightflowolpair plusfael,

turbineofflcl”kmoydcfhed as
retioalpoweroomputedfrcnu
at turbine!nlstand etatlo

(lb)/(see)

ratioof shaftpower to theo-
totaltemperatureand preesure
preesureat turbinedisoharge

. - . .. .. .. -.. —--- .— — —-
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~1 tl~blneeff~cienoydefinedw ratiO Of -t
onoe betweentheoretloalpowerand kinetic
klneti.opowercorrespondsto average~ial
velooltyat turbinedimharge

powerto differ-
pwer where
Componentof

Th60ret~oalpower is ocauputedfrom totaltemperatureand press~e at
turb+.neInletnnd etutiopressureat turbineexit. Averageaxial
componeutof turbineleavingvelooityis computedby continuityequa-
tion usingmass flow of gas and turbine-bucketannulusarea.

RESULTSAND DISCUSSION

Th6
t!il?O ad

tableI.

test tiutaand the resultsof the effectOP inlettempera-
pressur~on the efficianoyof the turbhe are presentedin
Figure2 givesthe fuel-airratiofor variousinlettotal

tompcraturas.

Typicalcurvusof the turbineeff?.clenoyv plottedagainst
the blado-to-jcitspeedratiofor variouspressureratiosand Inlet
totaltmuporaturusand prsssuresare shownin figure30 Maximum
turbln~cfrlcimoy c)ccurredat a blade-to-jetspeedrat50of approxl-
mltcly0.43.

Fiqtiro4 is a crossplot of figure3 showingthe variationof
turblnau?fioienoywith prossuraratio,inlettotaltemperature,and
Inlettotalpressurefor a blade-to-jetspeedratioof 0.4. Addi-
tionaldata takenfrom tableI are included. The turb’heeff~c”lenoy
reachesn maximumat a pressureratioof approximately2.4,decreases
with m inomaee in inlettotaltemperature,and inoreaseswith an
~ncreasein Inlettotalpress.me. The slopeof the ourvesof effi-
ciency@otted againstinlettemperat-ureand Inletpressureon log-
aritlmdcpaperwith oonstantblade-to-Jetspeedratioof 0.4 was
-0.0722nnd 0.0645,respectively,and the ratioof their&bsolute
valuesis equal to 1.12.

Thu variatioriof turbineefficiencywith the Reynoldsnumber

f!lctfn’
/

1,1
p~ Ti for variousblade-to-jetspeedrctiosand pressure

r::tioe!s shownin figures5 and 6, whichwere obtainedfrom cross
plotsof ourvessimilarto figure3 for all the data shownin tableI.
~lG oLrvEs for pressurer&tiosof 1.S and 2.0 are sepuratedi’romthose
for 3.0, 4.0, find5.0 beoal,seoverlupof the pointswould obscurefhe
results. The extens;onof the curvesfor pressureratiosof 3.0,4.0,
and 5.0WQS lhited by tht)Fewer-absorptioncapaoityof the dynnmom-
atar. ‘%od corrdntion is obtfiinedwith a maximumsoatterof*1 per-
cent in ~fflciency.This degreeof’oorrelatjonis suffloientto
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idf .satothat the variation& turbineefficiencywith inlettotal
-~~mo and.pressure1s principally“aRoynoldenuniberoffoct.

. . . .. . . . ., , --------- ,-~--- . /-””-’”-&e es -flow f~c~ (Mt/pt)~“8—Rb=fi ia plotteda~inst the

ii figure7 for vezicuspreesureratios.epeedfactor N y519/Ti. .

The GUI -flow dataqre correlatedon thisplot with an accuracyof
+1.7 percent.

Figure8 is a crossplot of figure7 showingthe vemiathn of
@s-flow factorwith pressureratio. The gas-flow factorbecaues
conetentwith reepectto the speedfactorand the pressure ratioat
a pressureratioof.approximtely2.4. No apparentsignificanceis
attachedto thefact that thisis the samevalue& pressure=tlo
at whichmaximumturbineefficlencyoccurs.

A plot of the efficiencyratio q!~ againstblade-to-jetspeed
ratio is shuwnin figure9. The dataare correlatedovera range of
ir~ettotaltemperaturesfrcan120!1°to 2000°R and inlettotalpres-
sums frcm 18.3 to 5S.1 inchesof merouryabsolutewith an accuracy
of* 0.5 percent. The ratio ?I’/’q increaseswith pressureratioand
decreaseswith blade-tr)-~etspeedratio. The valuesof q ‘ range
from 7 to 31 percentI!@mr thanthe oorrespondlngvaluesof ?I.

CONCLUOIiNGKQfARKS

Testson a single-stageimpulseturbinehatinga 13.2-inchpltch-
line diamctcmwheel chockthe resultsof simllertestsan a turbine
with an 11.C!-inchpitch-linediameterin showingthatfor a constant
blade-to-jetspeedratioand pwsure ratiothe effectof turbine
Inlettotaltemperatureand inlettotalpressureon tho turbine
efficiencyis correlatedby uso of the ratioof inlettotxd.pressure
to the 1.1 powerof inlettotaltemperature.Becausethisratiowas
derivedfr~ the Reynoldsnumber,the corrdlatlon obtainedis further
evidencethat the effectof inlettow temperatureand pressureon
turbineofficioncyIs a Reynoldsnumbereffect.

AircfiaftlhgineResearchIaboratcmy,
NationalAdvlsmy Caumitteefor Aero=utics,

Cleveland,(lhio.
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TABIiEI.-SUMMARY CIFIIATAAMDRlX3ULTS

.,, .... .... ..---- .. ..-.-

Inlet Inlet Pres-
total ij~t~ 13ure
pressure temper-ratIc

PI I
ature

L

pl/pd
(in.Hg ‘i
absolute) (OR)

18.3 , l1313QjL.51

I 18.3
18.3

I 18,4
iI 18.3

I lrlm3
I ;:::

18.3
10.3
18.3
18,3

/ :::;

I it?.s
M. 3
18.5
16.4
18.3
18.4
1.8.4
18.3
18.4
18.3
10.3

t--

18,3

26.4
26.4

1 26.6
26.4

L
26.4
26.3
26.4
26.4
26.6

I

1200

11.50

I
1.50
1.51
1.50
‘1.51

1.50
].. ~()

2.01
2.00
2.01
2.00
2.01
2.(-)2
2.i)o
2.01
2.OC
3.00
3.02
3.00
3.01
3.01 .

apeetipower

Ill

(A) r$;o (hp) ~
‘ Wt

q’ (lb/
see)

3,070
6,160
7,610
9,070
10,57CI
12,000
13,290
14,920
2,960
6,120
7,700
9,140
10,5(;0
12,000
13,410 “
14,!31@
16,90(?
2,920
6,050
7,610
9,110
10,550

3.01 !11;950
3.00
3.00
3.02

1.50
3..50
1.51
1.50
1.50
1.“50
1.50
1.49
2.00

0.113
.229
.282
.334
.394
.444
.493
.555
,086
.177
.222
.265
.303
,346

13;600
15,700
16,970

2j970
6,040
7,500
8,900
10,530
12,060
15,480
14,980
3,080

I

30.2
49.8
54.9
57.4
59.5
59.1
57.2
49.8
44.2
79.6
91.7
99.6
106.1
111.8

0.27C
,451
.497
.517
.553
.541
,531
.467
.224
.403
.464
.Soe
.539
.565

0.291 1.63
.485 1.63
,534 1.62
.554 1.61
.593 1.60
.580 1.60
.569 J.58
.50011.57

:U:l i:;:
.506 1.76
.552 1.75

I.587 1.75
.613 1.75

.389 ~ 112.0 ~ .575i.626i1.75

.431 ! 112.7 I .577;.62611.74

.489 ! 109.9
,06!3~ 55.8
.142 I 103.7
.180
.214
.248
.281
.321
,370
.399

=
.276
.341
.408
,483
:551.
.615
..688
,110

124.4
138.5
150.2
160.2
167.4
179.4
176.0

42.7
70.6
76.5
76.7
76.8
69;9
58.1
57.9
64.6

.56’7i .614

.184 .212

.341 .388

.412 .466

.456 .515

.495 ● 55a

.528 .593

.5s3 ,620

.594I .666

.579i.650

1
).3260.352

● 543 .585
.580 .622
.598 .643
.603 .646
.550..591
.461 .493
.469 .502
.279 .307

1.73
1.80
1.80
1.80
1.80
1.80
1.80
1.80
1.7s
1.79

2.93
Z.91
2.90
2.88
2.86
2.83
2.80
2.78
3.17

NationalAdvisoryCcmunlttee
for Aermutlos
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,.. ., TABLEL .-SUMMRY UF DATA MD RIBULTS- Continued.. .. .- .. .. .

Inlet i let,In
total

I
total

pressure temper-

26.2 1200
26.5
2~07

25.15

26.7

?C r....
2F.f3
26.6
26.7
26.G
26.4
26.6
26.5
26.6
26.7
26.6
26.5
26.5
2C.5
26.5
26.5
26.5
26.C
26.4.
26..4
2G.5
26.5
m~6.5,
26.5
26.:;
26.5
26.5
26.4
26.4
26,4

——
Pre8-
sure
ratIc
Pj/P~

2● i~o
2.02
2.01
2.01
2.02
2.01
2.02
2.02
:.05
3.(04
5.02
3.32
5.02
5.*A
5.04
5.04
s.o-f
4:!?.3
A.05
4.01
5.99’
4.~2
4.06
4.05
4.01
5.00
4.97
S*O4
4.99
5.01
5.U5
5.i)2,-.-—
1.50
1,~~
lm!ic
1.50

l’urblneBlade-Turblm
speed to-Jet ehaft

e~eed.power
(4) ra~l~ (hp)

5,970
7,560
9,m313
10,52CI
12,040
13,559
14,920
17,020
3,060
6,090
7,34!)
9,143
10,5CJO
11,!3QC
13,4“!0
14,940
16,9W
3,@30
6,050
7,500
9,000
10,560
12,060
1s,540
14,990
2,!390
~,96(3
7,540
8,980
11,900
13,530
15,030
2-.98~
6,050
7,S4U
9,030

*

I.324 “134.8
.375

I

138.7
.428 142.9
.483 , 139.4
.:;3!.; 136.4
.6,35

I
124.2

.CM 83.7

.1.76 149.4

.218

.265

.305

.344

.389

.432

.48L!

.080
,159
.190
.238
.27a
.317
.356
.395
,074
.140
.187
.223
.2$1.
● 335
.373——
1.126
.256
.31s
.302— .—

171.7
189.6
201,2
211.7
215.7
216.6
214.6
‘m.8
160.6
186.6
209.6
227.4
240.6
251.1
254.3
89.1
156.6
189.6
212.3
245.4
255.7
261.6.-——
42.4
70.2
77.5
01.0

——
Turbine
efficiency

.— -

n

2.473
.542
.581
.595
.611
.602
.589
.[14.1
.234
.417
.480
.!;33
.566
.591
.60-2
.604
.T“97
,211
.372
.434
.489
.528
.555
● ~Bo
.592
.185
.327
,39CJ
.439
.476
.525
.539
m9T
.497
,551
.578

—.

7’

).516
.592
.631
.648
.665
.654
.640
,588
.269
.472
,541
.599
.633
.661
.676
.674
.667
,257
,443
.513
.573
.616
.646
.675
,687
.240
.410
.487
.543
.584
.642
.656
r3ZZ
.536
.593
.622

.—
ml
‘low
Wt

lb/
see)

3.17
3.17
3.16
3.16
5.16
5.14
3.13
3.1.0
3.19
3.19
3.19
3.20
3.19
3.2CJ
3.20
3.19
3.18
3.19
3.19
3.19
3.19
3.19
3.19
3.19
3.18
3.16
3.16
3.18
3.19
5.18
3.19
3.19,——
2.72
2.70
2.69
2,68

NationalAdvisoryCmmd.ttee
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TABLEI.- SUWARYo? llUCAAND151JLT6- Contlnuea
. ,.. . --. — -,. -, . . . -.-,..

v

Inlet .
total
premnlre

Pi
(In.Eg
absolute)

26.3
26.4
26.4
26.5
26.5
26.5
2fi.5
2fj.5
26.6
26,5
26,6
26.4
26.5
26.4
25.5
26.5
26.6
26.6
26.5
25.5
26.5
26.!5
26.6
26.F
26.5
26.5
26.5
26.6
26.(3
26,!5
26.6
26.6

L
26.6 .
26.4
26.1:
26.G

—.

hllet
total
tmper-
%tu~e
Ti
(%)

1~~

—.

Pres
sure

ratii
Pi./P,

1.50
1.50
1.s0
1.5G
1.50
2.Gl
2.i~
2.01
2.02
2.01
2.91
2.(x.
2.00
2.00
3.i13
3.03
3.(-M
3.OG
3.:’5
5.05
3.03
3.02
3.04
4*OC
‘2.02
4.~J
?%.04
L.00
4.01
4.03
4.04
4.!12
!!.96
S.m
4.96
5.09

I

I

~10}SK)
~12,n6c
~13,640
,14,!360
17,(H)
?),0C!3

~ G:C)G!)
~ 7,480

~ 9,020
‘1O,47O
~~!.,W%;
is,.w)
15,,~j
3.7,Wo
2,980
:.,990
7,5(Y)
8,950
l(j,~g[j
12,!-UC
15:.’;50
,14,g~
17,020
3,(XK)
5,96(’)
7,510
9;CY70
U),mo
11,g~
13,47{3
14,990
17,060
2,570
G,020
-f,500
9,02CJ

——..

-, . .

Klade-

to-Jet
weed
rutic
U/v

9.447
.510
.577
● tT52
“72(I
:(399
.198
,Z.lfi
.295
,.343
.sg4
.~i43
.494
..5F,l
.OK)
.16U
.20[)
.258
.29(?
.521
.36G
.401
.455
.(1’7s
,14!1
,183
.2M
.256
.292
.32>
● 364
I*1,5,s
.Iy;rj
,133
.172
kax

l?urbti
B31aft

‘:$.

80.8
76.9
71.9
62.4
49.4
63.9

111.5

128.2
140.3
14”i.2
15(.).:5
3.48.9
149.(-)
140.4
01.4
]-48.5
174.7
194..%
209.3
219.6
221.7
231.ti
231j.4
.39.4
16(.I.3
189.5
212,8
230.6
244,5
256.%
264.8
26S.9.
m. 13
163● (1
191.8
216.3

Turb
effi

)a579
.557
.527
.462
.368
,~~~
.4.40
.505
.549
● !=@l
.600
.600
.60~
.57’)
.212
.3[IG
&.52
.500
.~4.&
.56.{
.580
.593
.597
.1%5
.345
● dog
.456
.~g~
.525
.549
.565
,578
.167
.308
.356
.408

s

,elmy

.623

.597

.566

.49s

.395

.273

.481

.551

.597

.632

.651

.651

.651

.61a

.243
,438
.511
.562
.61(I
.635
.fisg
.671
.667
.234
.412
.483
.537
● 531
.599
.64AJ
● fj57
.673
.219
.392
.45!?
.51CI

%s
Flow
Wt

[lb/
sea)

2.67
2.64
2.61
2.59
2.56
2.92
2.93
2.92
2.91
2.91
2,89
2.88
2.87
2.07
2.9S
2.94
2.95
2.95
2.93
2.95
2.95
2.95
2.94
2.94
2,93
2.93
2.93
2.94
2.94
2.95
2.95
2.94
2.96
2.96
2.95
2.95

Natiomd. AdvisoryCczmdttee
for Aeronautics *
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‘IMIEI.- SUtMARY03 IUUAm ~m - continua
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IIZLOb TIIihJttotaltctal
pl?OSSidW toqxm

~—
?res-T-~rblno

IWlrospeed
rat10 Iv
Pi/I~dl(m)

1
ntUro

(AS ‘i
&ibsoll.ltG) (%)..—.--— ...—.

I

II237.7 “6.449’6.55’?
255.4 .483 .594
267.0

I
.504 .61~

277.2 .526 .643

2.95
2.9(3
2.95
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1 ● 50 2,979
1..5:) ~ ● g/()

U.241
.275
.309
.3.14
.387

c.11.7
.235 71..9I .473! .510 2.52

2.52
2.51
2.49
2.48
2.45
2.43
2● 42
2.72
2.71
2.70
2.73
2../3
2.71
2.71
2.70
2.69
2.’14
2.77
2.75
2.76
2.77
2.75
2.76
2.76
2.75
2.74
2 ● ’74
2.74
2.75
2.74
2.74
2.74

E1.;.l .561i .WM
e-i,9

I

.5731.616
62.0 .552 .5r~2
ao.3 .547 .506
71.4 .{477 .522
61.2 .,425..456
6:5.5; .2321,255
ILJ.J j :~~:~.~fi3
131.!i! ‘ ,533
lG.i.3! .5341.502
153● Ci

It
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162.2 ~ .6C1

I
.554

160.S : .5!38.649

I155.9 ! .5.7S.628
I%,[J : .201 .232

15!).3~ .362 ● 413
17Z.9 ! .430 .487
lSU.”7I .481 .543
216.4 i .520 .585
229.9~ .554 .622
23’i.s; .570 .64C
245.7 I .586 .657
2-15.3; .28S .661

Igo.3 I .181 .220
16:1.6

I
.522 .385

159.6 , .3’79J.451

I
21J&.7! .42~ .507
257.0I .I:74.557

I252.31 .505 .592
263.4I .527 .617
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26.6

I26.4 ,

2.(]2 “

2.0(’
2.C2
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0;970 1 .276
1!”:.,;:]G

I
,32n

11,920I .565
15,:79 .413
15,Qlfj .46.3
~“t,(!5~ .521
3,CJlc! .075
6,900I .15CI
7,51C! .187

“(MGi:Ru!,Mo
12,o(x) .29!3
13,460 .335
1.4,W? .574
l“,,!12(3,~z.~
3,0:5c

I
.f169

5,950 .3.35
7>&7q

I

.]-69
s,SKI .204
lC,530I .239
11,96(3 .271
1s,500;-.306,—

i ~j:~ ! !2.02

~ 26.4 p 3.05
3.32

I
26.5 5.04
26.4 II 3.02

I
26.6 5.Q3

I
25.5 3.05
26.5 3.06
2S.5 3.(M
26.6 3.W
26.5 ‘L.02
26.4 ,~.(>2
26.; 4.03

I 2f3..L -i.02

I 26.5 /:.03
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.

T&GE I.- SUWMRY CtFMi!MMD RESIJMB- Continued
.,, ---- .. .. . .. . . ,-

(in.I@
absclute)

ET
Kmil.

;emper
Lture
Ti
(OR)

.

Pres-

sure
rat10

Turbine
speed

(A)

1600

mm

4.04
5.02
5.02
:;.CW
!).04
.5.(]6
5.05
,.?.Cd.
S.06

1. !jr:

1.5P
,1.50
1, :;(J

!1..50
1.:;::
‘l,!il
1.50
2.:Jl
2.[)1
2.01
2.91
‘2.!n
2.00
2,01
1.99
2.{u
3.01
3*CM
3.(11
2.39
S.flz
3.<)0
3.nG
3.01
2.98

14,930
3,i?2(>
6.G1O
7:49!I
El,959
Iuj.:9;1
11,990
‘13.LXI
!14,910

— —

3kide-

tc-Jet
3peed

rat 10

Ujv

2.338
.f-J~~
.128
.16G
.191
.224
,2:;E
.297
. 31e
.366,-.—-
:>.111
,225
.279
,3:5:,
.390

5.4L”
..5O’i
.559

tzrblns
lhaft
rower
(m)

G
91.2
164.n
195.s
221.1
2U..:
264.5
277.6
283.0
292.El.-..——
AS.3
73.0
a2.5
87.8
80.2
Ha.1.
83.!3
80.2

.6X) 1 67.CI

.Ga6 I 63.9

.173 I IX..5

.217 135.2

.250 140.9

.305 1,59,5

:;:; ::::::
.~s~ 167.5
.490 167.1
.071 %5.1
,1.:1 3s2.9
.176 Ik71$.6.214 295.9
.249 223.3
.2m I 241.4
.322 i 2:,5,~
.35-J~ 261.0
.490 : 261.!3

).543
.162
.293
.349
.392
.432
.458
,492
.5fj2
..717- -—. .
).269
.,>5~
.51.:
.555
.56-)

ne
Ienoy

0.633
.212
.373
.438
.49(1
,?3’7
.579
,&)5
.6i”J
.6:J.1.-—-.

3.232
.=95
.553
.595
.603

11

—.—
as
?lOw
Wt

;lb/
see)

2.74
2.74
2.7.1
2.74
2,74
2.74
2,74
2.74
2.73
2.75--.,.-
2.39
2.38
2.35
2.35
2.3;
2.3<
2.31
2.3iJ
2.28
2.59
?.59
2.59
2.5d
2.5a
2.57
2.57
2.56
2.55
2.65
2.63
2.63
2.63
2,63
2.61
2.62
2.61
2.61
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. . . -. .-,,.

tilet
tctal.
pressure

(I&8
absolute)

26.5
26.4
26.4
26.4
26.4
~6m4
26.2
26.4
2G..:
26.5
26.5
26.r~
26.5
z~,~
26.6
26.4
25.5
26.5
26.5
26.5
26.5
26,5
2G.5
2(5.4
26.5
26.5
26.6,—..-.—
34.6
34.6
34.6
34,5
54.5
34.5
34.5
34.5
34.5

[nl.et

total
xnnper..
%ture
T1

(%)

2(100

-!im5-

Pros-
Sure
rat 10

pi/~d

.—
1.50
1.5(2
1.50
1.50
1,50
1.50
1.50
1.50
1.5c
2.01
2.01
2.01
2.01
2.00
2.G2
2.00
2.01
2.00
3.32
3.91
3.02
3.02
3.02
3.00
3.02
3.04
3.02-.—
1.50
1.50
1.5(3
1.50
1.50
1.50
1.50
1.49
1.50

rurblm
speed

(r%

—-
3,GO0
6,039
7,510
8,990
10,470
12,020
13,50!3
1:,932
].~,~g~
3,000
5,970
7,49[)
8,990
lG,.>90
12,020
13,700
14,965
16,960
2,990
6,020
7,490
8,990
10,510
12,000
13,510
15,050
17@0
3,6E
6,080
7,560
9,080
10,470
11,960
13,570
15,a2!3
16,830

3kde-

;o-,jet
;peed
:atio
U/v

).106
.213
.266
.510
.37C
.426
.477
.527
.600
.302
.165
,2%
.246
.28n
.32S
.376
.409
.465
.067
.155
.167
.200
.234
.268
.301
,335
.379——
3.115
.226
.281
.338
.390
.446
.505
.562
.629

rurbine Turbizm &m
effloienoyflow

43.5
75.3
84.5
gclol
92.9
91.9
92.6
8E.6
‘76.2
65.1
117.c)
137.6
150.9
165.1
171.1
177.0
177.5
174.4
83.1
154.1
182.3
205.s
227.3
241.6
254.1
.263.3
267.4
—5m-
99.9

X1.1.o
118.1
121,5
122.0
118.1
110.9
96.2

.—

.—

11

0.254
.441
.500
.536
.555
.553
.55Q
.523
.46S
.212
.381
.4~18
,490
.537
.557
.582
.582
.579
.178
.331
,390
.439
.486
.519
.544
.561
.572.-----

0.275
.471
.526
.559
.581
.589
.571
.548
.479

2.276
.476
.538
.577
.598
.594
.599
.561
.500
.234
.418
..$90
.536
.585
.606
.634
.634
.626
.206
.37H
.443
.498
.549
.585
.612
.632
.642.—. -
0.298
,508
.567
.602
.625
.633
.6X5
.589
.514

Wt

(lb/
see)

2.28
2.27
2.25
2.25
2.24
2,23
2.21
2.20
2.17
2.45
2.45
2.45
2.45
2.44
2.44
2.44
2.43
2.42
2.48
2.48
2.48
2.48
2.48
2.48
2.48
2.48
2.48,--—.-.
3.16
3.14
3.11
3.12
3.09
3.07
3.05
3.02
2.99

--
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. . . -., .z.

TABLEI.~ suMmY’a2’”D.mJlmD—REmIm - Oontinued

Net
;Otal
;mper-
Lture
Ti
(%)

1300

i=-”

——

——

2.00
2.00
2.’00
2.00
2,00
2.00
2.90
1.99
2.00
5.01
3.01
2.98
3.00
3.01
2.s9
3.00
5.(j{)
3.01
r.r9-
1.::9
i.4El
1.49
1.48
1.$9
1.49
1..49
1.49
1.99
1.99
1.99
2.00
1.99
2.C@
1.99
1.99
2.30,—

Turbine
epeed

(4)

3,020
6,000
7,550
9,(!4:)
10,L7O
12,000
13,55!>
.15,1.40
16;983
2,960
6,000
7,52S
9,923
10,510
ll,9”iCl
13,480
1~,[)Cl)
16L930
-“3,1315-
6,020
7,60!3
9,080
10,610
12,090
13,53z
15,090
16,340
2,96C
6:12!)
-/,500
““9,030
10,G2O
S2,000
13,560
K, O.ocl
16,910

21ade-
to-Jet
gpesd
cat10
u/v

2.08’7
.174
.219
.262
.306
.348
.593
.439
.492
.070
.141
.178
.213
.248
.283
.318
.355
.399
m9–
.277
.553
.413
.4.92
.55’7
.624
.698
.779
.106
.219
.268
.322
.380
.428
.485
.S36
.503

Purbine
3haft
rower
.(hp)

85.0
153.5
179.2
2W) .2
214.6
222.6
22!4 .7
230.9
229.9
lo? .9

202. Q
239.3
270.4
298.4
314.6
331.8
3GL 2
351.2
7hn-
1.13.8
124.3
128.5
125.9
1.19mo
103.5
91.5
68.1
103.6
188.8
212.3
“229.4
239.0
243.7
242.0
237.3
223.0

0.224
● 404
.474
.528
.565
.590
.609
.615
.612
.187
.3’49
,417
..i68
.516
.545
.575
..596
.610

?EB6
, ~,~.9

.611

.626

.622

.584

.,517

.461

.347

.275

. 5C2

. 56A

.608

. 64(3

.649

.649

.638

. 60@

e
Snoy

.247

.443

.518

.576

.616

.644

.663

.669

.665

.215

.399

.474

.530

.581

.614

.645

.669

.6&3
ml
.590
.658
.673
.667
.526
..554
.:84
.373
.3G3
.548
.6141
,660
.696
.704
.705
.691
.552

as
‘low
Wt

lb/
see)

3.40
3.40
3.40
3.40
3.40
3.39
3.37
3.37
3.38
3.42
3.43
3.42
3.43
3.43

3.43
3.22
3.42
3.41

TT7-z-
4.70
4.69
4.66
4.64
4.61
4.54
4.53
4.47
5.13
5.13
5.13
5.13
5.10
5.10
5.10
5.07
5.05
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E!5H10

___ ...- .
!l!AmET. —sohMARY cm’ DATA Am RmuL!m -- Conttiuea

42.8
:32”.”7”-”
42.0
12.e
L2.0
J12.6
~A2.”f
42.6
.22.6
42.‘d
42.9
42.“i
,12.s
42,El
42.9
42.7
42.8
42.’7
42.8
-%2.9
A2● 9
42.8
42.9
42.3
42.8
%2.9—.

. . . .... . ..
.UIoc)

—-.

.—.
PreB-
sure
ratio
j)~pd

2,99
x.x)
2.9$3
2.98
2.96
2.99
2.98
2.38
2.!33- .-..
1.-:9
l.isl
1..L9
1.49
1..58
1..:!3
1.49
1.49
z.r~
ze~~
1.99
2.00
2.(X3
2.00
2.~J

2.00
2.00
5.00
2.S9
2.98
3.00
2.98
2.99
2.98
2.99

2, CJgi)

(3,030
7,490
9,Q!j(l
10,560
1.1.,94@
13,.s40
14,873
lG~940..-..,.
3,32G
6,050
7,500
fl,310

l[j,.j..~

U, 92(!
13,560
l!i,05!;
3,050
6,03C
7,.:10
8,970
1~,54(-J
12,300
13)660
15,17~J
16,97G
2,95CJ
G,ooo
7,460
8,980
lo,49~
12,110
X5,5712
1.!5,000—.

hae-
;o-jel

)yeed

‘et10

U/v

)08’7
.1.”/2
.213
.264
.30s
.348
.395
.433
.493
~Zi3
.227
.282
.33C
,595
.44?s
.511
.567
.088
.175
.215
.260
,305
.356
.396
.439
.492
● 070
,142
.176
.212
.248
● p86
.321
.354

rurbti

~ower
(ml

133.!5
2,$3.~
231..1
311.a
335.1
551.6
358.2
363.4
564.G..-....-”
69.4
119.7
134,5
143.4
146.3
1-13.5
139.5
129.6
106● u
190.3
220.2
244.~
263.1
2ao.0
202.2
288.0
2D1.9
134.3
246,0
291,.2
331.5
357.8
5%2.1.
402.0
410.1

‘T=
eff1

.—

2.23~L
.42’7
,493
.550
,59].
.618
.630
.639

.471

.533

.56.7

.588

.576

.565

.531

.229

..:C}9

.476

.526

.567

.604

.612

.623

.614

.192

.353

.416

.472

.512

.515

.575

.506

—.
,e

ency

n’ .

.268
.483
.556
.617
.660
.689
● 7(21
.711

,507
● 574
.609
.632
.619
. 6CM
.569
.252
. Ma
.521
.57-2
.617
,657
.666
.676
.666
.220
.400
.470
.532
. 5“75
.612
.642
.655

—.
%8
?lUw
Wt

[lb/
seo)

5.16
5,15
5.16
5.15
5.16
5.15
5.15
5.15
5.15
3mBZ
3.83
3.81
3.79
3.77
3.75
3.73
3.G9
.1● 15
4.17
4.16
4.15
4.15
4.15
4.14
gol~
L.13
4.16
4.17
4.17
i.17
4.18
4.18
4.17
.4.17
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. . . ... . . . . . . . TABLE I.- mwlRYm RA!cAmmxmmm - -mad.

I Inlet
I IIInlet Pref3-
total total. sure

1presf3ure,tampor-ratlc

121XJ

I

“1.49
1.49
1.50
1.49

I
1..%9
1.49
1.4s

1,1.49
1%
‘1..99
3..9!3
1.!3!3
,;::;

I1..9s1.9’9

-

spe~ power
l+

lit
ratio (hp) ‘~
U/v .

~t (lb/

I

II sea )

I#

G. 141 lof). o ‘0.341 0.369 6.60
.276 ].65 .6 I .567 .61.16.59
.341 1.!31.9I .619 .667 6.56
.41s 187.4 I .645

I
.6966.54

.482 185.-7 .647 .696 6.50
,551. 176.7 .619 .665 6.47
.522 15Cl.5 .5391.57a 6.35
.69.: 135.9 .492 .529 6.31
.7a2 92.6 .333 .35a 6.27
.107 144.c) .278 .306 7.06
.216 256.6 .k9a I.544 7.05
.268 293.6 I .569 .620 7.04
.321 317.2 .614

I
I.667 7.03

.376 332.3 ,5.i7 .7CJ37.03
,.;33 338.2

I
.fi57.71217.03

.405 536.1
I
.655,.710j7.00

.538 529.6

1,
.&=21.69617.00

.6135 305.3 .5951.64716.98
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Figure I. - Apparatus for +Rsting efficiency of the exhaust-gas turbine.
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Fig. 2 NACA ARR No. E5H1O
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

&

.6
I 1 I

1+ I I I
+ 2.0
x 3.0

-h D 4.0 I-H
1 1 I 1

[
I
1 1 i

.5
06.0

●

0? .
r

r

●4

.3

.2 J
L1

o

.6

.5

.4

.3

●2

[ (a) Inlet tewereture,1400° R; inlet pressure, 26.5 inches of mercury a.s :lute. I

+ 1400
X 1600

02000

(b) Pressure ratio. 2.0; inletpressure,26.5 inches of mercury absolute.

.6

0 18.3
.5 x 34.7

n 42.9

.4

.3
(c) Inlet temperature, 1200° R} pressure ratio, 2.0.

.%
o .1 .2 .3 .4 .5 .6 .7 .8 .9

61ade-to-jet speed ratio, u/v

3

FlgWe 3.- Varlatlon of turbine efficiency with blade-to-jet speedratio for various pressure
=tlos, Inlet total temperatures, and inlet total pressures.



Fi

●7

.6

.s

g, v NACA ARR NO. E5H[0

m
NATIONAL AOVISORY

‘fih4kanTrrc FOR AERONAUTICS

c1 4.0

2.0 3.0 4.0 5.0
Fressure ratioq pi/pal

I (a) Efficiency variation with pressure ratio. Inlet preccure, 26.5 lnshes
of mercury absolute (approximate). I

.7

.6 ~ ~ — — . — — ~, .— — . — .
a-

T
4. J. i)

$? G
.5

1200 1400 1600 1800 2000
Inlet temperature, Ti. %

I (b) Efflclency variation with inlet temperature. Inlet pressure, 26.5 Inches
of mercury absolute (approxtiate). I

.-
1 (c) EIYiclency variation with inlet pressure. Inlet temwratire, 1600° R.

I I
.4

I I I I I I I I I I20 30 40
Inlet pressure, pi, in. Hg abs.

Pi re 4. - Variation Of turbine efflcle:lcy with pressure ratio, inlet total temperature, and inlet
F&al pressure. Blade-to-jet speed ratio, 0.4.



NACA ARR No. E5HI0 Fig. 5

F

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

.5
Pi/x

.4 :

.3

I (a) Blade-to-jet speed ratio, 0.2.

.6

.5 -

.4 -

I (b) Blade-to-jet speed ratio, 0.3.
.7

L

.6 :
& _ ~ = . — ~

.5 ;
o 26.6 1200
+ 26.5 1400
x 26.4 1600

(c) Blade-to-jet speed ratio, 0.4.

.7

.6

.6
(d) Blade-to-jet speed ratio, 0.5.

ll.l..l...l.Uit.i.U.li...l.L.004 .006 .008 .010 .012 .014 .016 .018 .020 .022 .024

PI 2.1
~, (h. Eg ah%)/(OR)

‘1

Figure 5. - Varlatlcm of turbine efficiency with Reynolds number faotor for pressure ratios Of
1.5 and 2.0.

I



Fig

F

, 6 NACA ARR No. E5HI0

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

[

.6 :

t
.5 :

.3

(a) Blade-to-jet speed ratio, 0.2.

.6 .

Pi ‘1
.5 - _ _ _ _ _ _ _ _ _

(in. E@ abs. )(%)

+ 26.5 1400

.4
(b) Blade-to-jet speed ratio, 0.3. g g.: 2000

1800
v“ 1800
D :;:: 1800
d 42.8 1200
v 59.1 1200:

~

.’? :

3 .0 4

.6
A+ O-L

*> - &-

+ d.0
w

.5-

(c) Blade-to-jet speed ratio, 0.4.

w, J..llllj
.004 .006 ●00s .010 ●012 .014 .016 . Ols .020 .022 ●024

P@i 1“1, (h m abs. )/(%)l”l

Plgure 6. - Variaticaof turbine efficiency wltb Reynolds number factor for pressure
ratios of 3.0, 4.0, ard 5.0.



NACA ARR No. E5HI0 Figs. 7,8

5.8

5.4

5.0

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(a) Pressure ratios: 3.0, 4.0, and 5.0.
J

.
;

5*2
1%’

~
>
A

(1.n.Hgabs. )(OR)

+ 26.5 1400

$

2

8
d
y

2000 4000 6000 8

3
r

10, OOO

Speed faotor, N ~ , rpm

(b) Fressure ratios: 1.5 and 2.0.

Fl@Fe 7. - Variation of gas-flw factor with speed factor.

r:

F,

5.6

4.8
.

4.4

1.0 2.0 3.0 4.0 5.0

Pressure ratio, pl/pd

Figure 8. - Variatioa of gas-flw faotor with pressure ratio.

I --



Fig. 9

1.32

1.20

1*24

1.20

f 1.16
r

1.M

1.08

1.04

1.00

NACA ARR No. E5H1O

NATIONAL ADVISORY
Ti

CWMITTEE FOR AER@JAUTICS
‘i

\: Pi/Pal
(in.Hg abs.)(%)

\ o 26* 6 1.200
+ 26.6 1400

5.0
x 26.4 1600
❑ 26. S 1800

- 0 26.5 2000
A 18.3 1800
v 3406 1800
b 42.8 1200

+ 4 42.8 1800
\% A v 59* 1 1200

o~ <
+x

0’ .+%
+ >

0-
4.0

k
a ~xb x

~+z -
,

S*O

2.0

<

105
—

.1 .2 .3 .4 .5 ●6
Blade-t-$et speed ratio,u/v

Figure 9. - V=iathi of the ratfo nl/q with the blade-to-jetspeed
ratio for variouspressureratiosO



Illllllllllmllnflllilflllllll_ 3117601354 1850


